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SUMMARY, CONCLUSIONS & RECOMMENDATIONS 

Estuaries, the meetinq places of fresh and salt water, 

are amonq the world's most important natural habitats. 

Throuqhout history such areas have been critically siqnificant 

because they provide fishinq, transportation and recreation, as 

well as fresh water for drinkinq, power, irriqation, and waste 

disposal dilution. 

Today, over half the people in the world live within 125 

miles of a coast. Eiqhty percent of the qlobal and 70-80% of the 

U.S. fish and shellfish catch come from areas influenced by fresh 

water and nutrient inflow from streams, ri vars and estuaries. 

Many thousands of tons of salmon and other anadromous fishes 

cauqht each year miqrated lonq distances from ·th• ocean to their 

home rivers to spawn. 

Published results reqardinq water development in rivers 

enterinq the Black Sea. th.I. a,u 2f. Azov. Caspian and 

Mediterranean Seas in Europe and Asia all point to the 

conclusion that when successive sprinq and annual water 

withdrawals exceeded 30% and more than 40-50% of the normal 

unimpaired flow respectively, (computed as the averaqe for 50-60 

years of observations), water quality and fishery resources in 

the river-delta-estuary-coastal zone (ocean) ecosystem 

deteriorated to levels which overrode the ability of the system 

to restore itself. 
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Commercial and recreational catches of Russian sturgeon, 

pike-perch, brim, mackerel, sprat, etc. have been extinguished in 

the Dniester and Dnieper Estuaries and the most productive 

Western part of thil Black ~ since the late 1960 1 s. 

In thil ~ g,f ~ (once the most productive sea in the 

World) , the commercial catch of Russian sturgeon, as well as 

numerous other valuable semi-anadromous and anadromous fish, 

dropped from hundreds of thousands to several thousand tons over 

the last two decades of runoff regulation. (Their requirements 

for sufficient quantity and quality of water during migration .and 

spawning are almost the same as for .th• Chinook salmon, striped 

bass and shad in the San Francisco Bay Area.) The same phenomena 

were observed in thil Caspian ~ as well as with the commercial 

catch of Salmon in Northern Europe. 

In ~ Nile Delta-Mediterranean l.U. coastal zone, the 

coastal commercial catch of Sardinnela and other species that are 

dependent on runoff have dropped from more than one hundred 

thousand · tons in the 1950 's to several thousand tons since the 

Aswan Dam operation (1964). 

The commercial catch of striped bass in .th§ Chesapeake ~ 

region has declined up to 70t due to water regulation and 

pollution. The same percentage decline of fish and shellfish has 

been observed in th.A Delaware ~ an~ ~ Texas lagoons. 

The impoundment of .th§. Murray-Darl inq Riyer system in 

Australia and construction of the salt barrier in· its Delta has 

eliminated the fisheries in this area since the 1940'•· 

Comparable studies and many publications have reached 

similar conclusions: namely, despite reproductive cycles and 
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behavioral and physiological differences among the estuarine fish 

species, historic catch levels for each appear to reflect 

underlying relationships which require specific volumes of runoff 

discharges, particularly in late winter and spring. 

Under natural conditions approximately 60t-70t of . the flow 

takes place during this period, and this flow is responsible for: 

1) Repelling the intrusion of sea water into the Delta: 

2) Providing necessary levels of nutrients (organic and 

inorganic materials, phosphate, silicates, nitrQC1en, etc.): 

3) Producing flow conditions necessary for anadromous fish . 

migration, spawning and rearing: 

4) Creating a large entrapment zone which optimizes 

survival of fry and the food on which they teed: 

5) Providing flushing and mixinq flows to maintain water 

quality cond.itions (dissolved oxyqen and temperature 

throughout the water column): and 

6) Entraining large amounts of salty water as it ·flows 

through the estuary to the ocean, creating a dynamic 

salinity equilibrium within the system. 

Although all of these conditions play important roles in the 

hatching and development of fish of a qiven year class, it ll. 

extremely important t2 D.Q:t.§ ~ ~ state 2f .trul estuary during 

.thiJl period ill heavily influenced 12:£ ~ runoff conditions All 

Bil· 
Despite the more than $2 billion spent over the past twenty­

tive year~ on · the evaluation and management of .trul Delta-San 

Francisco ~ ecosystem, the basic understanding necessary to 
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preserve its heal th has not been achieved. Without a clear 

picture of the complex factors that influence the Delta and Bay 

livinq resources and water quality, manaqement decisions have 

been unable to reverse the decline of resources. 

The research proqram of the Romberq Tiburon Center over 

the past three years was desiqned to (1) provide in-depth 

evaluation of freshwater inflow to the Delta and Bay, (2) assess 

the manner in which flow has been modified aince the early part 

of this century (especially durinq the period followinq the 

completion of the major components of the Central Valley Project 

(CVP) and State Water Project (SWP)), and (3) assess the impacts 

of flow modification on the fishery resources of the aystem. 

Purpose 

The purpose of this report is to utilize the results of 

the previous investiqation on the mod if !cation of freshwater 

flow to the Delta and Bay (Rozenqurt et al., 1987a) to analyze 

the relationship between flow and commercial and recreational 

fish catches. 

Methods 

our analysis was performed in two staqes: 

1) Annual commercial landinqs of aalmon, striped bass and 

shad (mainly data for the pre-project period) were compared with 

sprinq and annual flows several years earlier. (The use of this 

procedure is based on the premise that flow has the qreatest 

impact durinq the first seasons of an orqanism' s life. This 

technique ·has been successfully used to show hiqh correlations 

between flow durinq eqq and larval staqes and lobster catches as 

4 



lonq as 8-9 years later, as well as with shorter laq times for 

fish species generally landed 2-4 years after spawninq.) 

Correlations between fish catch and the annual and seasonal flow 

conditions for a number of years precedinq a given year's catch 

were calculated in order to examine cumulative effects of flow on 

fish from year of hatch to year of catch (3-5 years later). 

2) The relationships between salmon fall run, Striped Bass 

Index of abundance and recreational catches (for the post-project 

period) vs. runoff were also examined with the same technique_. 

Findings 

Modification 2f Fresbwater l.l.2x Conditions 

As result of construction of the sophisticated CVP and 

SWP water storaqe facilities (with an accumulation capacity equal 

to 7lt of normal unimpaired runoff) and conveyance systems into 

and out of the Delta (15-20t of the normal Delta outflow), tbJl 

post-project period natural water supply ~ ~ Delta-San 

Francisco ~ estuarine system hAI ~ reduced t2 unprecedented 

levels: 

1. Since 1967, absolute values of total diversions with 

predominant ranqe of 10-12 MAF per year ( with maximum values of 

14-21 MAF) are 2.8 - 3.2 times (and up to 3-5 times) hiqher than 

before the CVP and SWP were completed (pre-project period 1915-

1943). (Fig.· 3-2) 

2. The absolute values of predominant upstream diversion 

2f .§.=12. MA? !QI'.~ post-project peribd. 1944-1984. ~ ~ times 

higher tl1An !QI'. 1915-1943. 
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Fiq. 3-2 The mean annual volume of water diverted for 5-year 
periods from the Sacramento-San Joaquin River basin durinq pre­
project (1915-1943) and post-project (1943-1983) periods: A) 
Upstream, B) Inner Delta, C) Total Diversions. The. years marked 
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Absolute values of downstream diversions (Delta consumptive 

use and export) were in aome years, e.q., 1975, of the aame 

maqnitude as the upstream diversion, a phenomenon never observed 

in the pre-project period. The predominant ranqe of annual Delta 

diversions since li.§1 ™ ~ BAl· ntese values are almost ~ 

times higher thAn Delta water withdrawals before ~ proiects 

Bil completed. 

3. ·The major cause of these persistent decreases in 

annual runoff is thA.t diversions in winter Cprimarily upstream> 

ranqe between ~ A.DS1 ~ and in spring Cupstream Ans1 downstream> 

between 1.Q. Ami l.Q.l .sa: rn of the natural water supply of the 

Sacramento-San Joaquin River-Delta subsystem. 

4. Since the projects• (CVP and SWP) operations beqan 

(especially from the late 60's on), winter and sprinq requlated 

water supply to the system was reduced 1.2-1.4 and l.6-2.4. times 

in comparison with unimpaired mean winter and sprinq water supply 

to the Del ta-Bay system, respectively, tor 5-year periods 

(prevailinq ranqe of unimpaired runoff is equal to 3-4 MAF) (Fiq. 

3-10). Tberefore . .f2I: th.fl period 1967-1984. residµal winter AD.SL. 

especially spring Delta outflow in thJl maiority 2..f cases 

corresponded ~ subnormal Ami below subnormal wetness when 

compared ·~ statistics .f2I: unimpaired runoff. 

5. Between 1944 and 1983, the upstream. downstream AJl'1 

total cumulative losses due to diversions reached .2.§L .1Ja AJlsi : 

J.§..2 MAF respectively. cumulative upstream And downstream water 

losses amounted t2 1..Q..2. A.DS1 1.2. times. respectively. th.fl volume .52f 

~ pelta 1.L.2 MAll. while tM total diversions account .f2I: .ll 

times~ volume 2t .th@~ Francisco~ 1.§. MAFl. 

6 

~- ..... . ~ - - . 



3150 ... 
2940 
2730 
2520 
2310·· 
2100 
1890 
1t80 
1470 

~ 12IO •• 
.... 1050 

840 • 
tJO 
420 
210 .. 
0-

-210 ... 
-420 . .. 
-630 

A 

- -
-840+--+---+--+--+---+--+--+---ll--+--+---li--+--+.--i--'~ 

J150 
2140 
27.SO 
2520 
2310 
2100 
1190 
tl80 

..... 1470 
< 1280 
.... t050 

140 
830 
420 
210 

B 

O+-..,.._..-..-... .... ._...._..._..,..____i...._ 
-210 
-420 
-830 
-140+--+---+---+--+---+--+--+-~~ ........ -+-~~-+--+--i--~ 

:5150 
2140· .. 
2730 ... 
25%0 
2310·• 
2100 .. 
1890 
1880 •• 
t470 

!;? 12eo • 
.... 1050 •• 

140 
a30 ... 
420· 
210 ... 

ai--..._._._.._.._ 
-210 .. 
-•20·"' 
-1.so- .. 

c 

__ ......,.._ ____ ~ 

. . -140 • 
1gi1 22 21 32 37 42 47 s2 ~7 62 67 12 n 82• 

yeal"9 

Fig. 3-10 The mean volume ot water diverted for 5-year periods 
from the Sacramef\to-San Joaquin River basin during pre-project 
(1915-1943) and post-project (1943-1983) periods: A) Upstream, 
B) Inner Delta, C) Total Diversions, · tor the month ot May. 
Negative diversions represent returning water tr.om storage 
facilities and agricultural drainage network. The years marked 
are the pivotal years ot the period, e.g., 1917 • 1915-1919. 
(* • 4-year period) 



6. Analysis indicates that for the majority of 5-year 

periods, the mean regulated runoff is much less than normal, and 

bas been replaced by volumes corresponding to subnormal and dry 

conditions. This water supply is 35-SSt bu ~ the natural 

••an Delta outflow (27.2 MAF). 

It should by emphasized that the above-mentioned losses in 

water supply sustained by the river-Delta-San Francisco Bay 

ecosystem infer concomitant losses, in millions of tons, of the 

organic and inorganic matter required to provide adequate· 

ecological conditions for living resources. Moreover, the 

chronic freshwater deficit may result, as it was documented for 

the San Francisco Bay and many other estuaries throuqhout the 

world, in unfavorable changes in circulation patterns, mixing 

processes, salinity and other regime characteristics. 

7. Based on the experiences of 1924 and 1976-77, it 

should be emphasized that under natural conditions, annual and 

spring residual runoff to San Francisco Bay of 3-5 MAF and <1.5 

MAF, respectively, would occur only very rarely (once per 100 or 

more years). ll G.dl extreme conditions occur mi A regular , 

basis. ~ Delta-Bay system ld.ll cease t2 tunction Aa An estuax:y 

An.Si ultimately Delta agriculture. ~ fresh water quality .!..fQX 

drinking Ami irrigation>. A.nSl tllA estuarine liyinq resources ld.ll 

severely deteriorate. 

8. current decisions Cincludinq D-14851 regarding water 

distribution in California are based on a water year-type 

classification system (the Four-River Index) which excludes 25t 

of the Sacramento-San Joaquin river watershed. As a result, the 

normal (long-term mean) Four-River Index runoff (Q • 17.2 MAF; 
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1921-1978) accounts for only 61' of the normal Sacramento-San 

Joaquin River irtflow to the Delta originating from 100' of the 

basin area (Q • 28.2 MAF; 1921-1978). Tberefore. evaluation 2.f 

wetness 2f ~ year. residual runoff AJlSi consequent planning .f2X 

water diyersions. based .Slll ~ Four-Riyer Index. oyerestimate ~ 

leyel 2f water availability in A manner incompatible Kith ~ 

relatiyely meager natural levels 2f runoff. It follows that in 

normal, and especially in sub-normal and dry years , the Four­

Ri ver Index classification system influences decision-makers 

towards permitting higher (and potentially damaging) levels of 

diversions. 

Recommendations; Bunoff 

We strongly recommend (as in our previoua report, Rozengurt, 

Herz ' Feld, 1987a) that ~ SWRCB discontinue ~ llU 2f thtl 

~ Riyer Index classification system Ansi substitute it Kith A 

system which utilizes ~ .fi:gm th§ entire watershe·d .fSll: thtl 

detennination 2f natural seasonal AJlS1 annual wetness type. AM 

subsequently. yolumes 2.f. water ayailable f.2.t.: diversion AJl.S1 

correspondance ·2.f. residual flows t.Q. natural flow statisticj 

Ci. e. . water year-tYPel • 2nl:l it total outflow ia ~ u ~ · 

basis .fSll: classification ~ it ~ possible t2 proyide thtl flows 

needed t.Q protect AilSi maintain th§ .fiah Ansi other resources 2f 

~ Delta-San Francisco JiA:l system CFiq.3-1), 

In our opinion, the recommendations contained in Decision 

1485 (based on the Four River Index system) have resulted in 

spring flow levels that are unprecedented in the recorded history 

of the system (frequency of occurrence less than once per 100 
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years). The excessive sprinq water withdrawals, compounded by 

the late winter water diversions, have siqnificantly reduced 

annual river and Delta discharges and contributed greatly to the 

deterioration of the resources of the system during the past 

decade. 

Modification g,t landings 

Cbinook salmon COncorhynchus tshawytschal 

Between 1874 and 1914, commercial salmon catches in the Bay 

and Delta ranged from 2-11 million pounds per year (averaqe • 6), 

and from 0.3 - 6 million pounds (averaqe • 2) from 1915-1957 

(when commercial fishinq became restricted to the ocean). Since 

this span of time encompasses the pre-project and the beginninq 

of post-project periods in water development, it affords an 

opportunity to assess the relationship between flow and salmon 

landinqs by examininq catch/flow correlations. 

1. For the 1916-1931 period, commercial salmon catch was 

highly correlated with annual ~ regulated Delta outflow for 

the 5 years preceding (RD05 ) the year of catch (r- 0.8_6: p<0.01), 

indicating that the volume of annual flow C19-23 HAl.l during the 

years between spawn and maturity influenced catch success. 

Similar · results, but with a sliqhtly lower correlation, were 

obtained for the 1944-1957 period. 

2. Correlations between spring flows and salmon catch, 

especially durinq the 1916-1930 period, indicated that even 

stronger ~elationships existed between mean regulated spring 

(ApriltMay+June/3) flows and commercial landings lagged by 3-5 
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years of the sprinq runoff (r's • 0.80-0.97: p< o.os). 

successful .catches resulted when sprinq flows averaqed 2.5-4 HA[ 

(or 42,014-67,222 cfs or 1,189-1,903 m3/sec). (Fiq. 5-9) 

3. The number of fall-run salmon returninq to spawn at Red 

Bluff (Sacramento River) also demonstrated reasonable correlation 

with annual and sprinq runoff for the years precedinq the 

miqration of a qiven year class and subsequent influence of hiqh 

volumes of runoff on spawninq success and •urvival. 

Successful miqration appears to require •prinq flows of 

2.3-2.8 HA[ (or 38,653-47,056 cfs or 1,094-1,332 m3/sec). 

In this case the total requlated sprinq Del ta outflows of 

6.9-8.4 HA[ correspond to 40.6% and 44.2t of mean RDO of 17-19 

MAF for several precedinq years, respectively. (Here, as further 

in our discussion, the above-mentioned sprinq and annual volumes 

of RDO represent the statistics for years of subnormal wetness, 

e.q., 75-80t of probability of exceedence or recurrence interval 

of 4-5 years under conditions of unimpaired runoff.) 

Striped ~ CL9ccus saxatilisl 

1. Between 1889 and 1935 (when commercial fishinq was 

banned), striped bass catches ranqed from o.5 and 1.4 million 

pounds. Populations have declined since that time and the 

recreational catch, which totaled approximately 60,000 fish per 

year in the early 1960s, dropped to 1,400 fish in 1980. The 

total Striped Bass Index of abundance has declined from a maximum 

of 117 in 1965 to a low of 6.5 in 1985. 

2. Correlations between commercial striped ~ catch and 

mean annual r~qulated flow for the 5 precedinq years indicated a 
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qood association tor the periods 1918-1929 and 1916-1935 (r • s• 

0.70 and 0.79; p<0.01) while tor sprinq, mean flow for 3 years (5 

years before catch) showed sliqhtly lower correlations (r's• 0.67 

and 0.65; p <0.01) for the same periods. 

3. These results indicate that optimal ayeraged commercial 

catches 2! striped RAaa (0.5 to 0.6 million pounds per year) were 

observed when averaqe sprinq flows (April+May+June/3) for the 

precedinq 3-5 years (laqqed by 2-.3 years) were in the ranqe of 

2.3-3.4 ~ (38,653-57,139 cts or 1,082-1,412 m3/sec) and total 

sprinq RDO averaqed between 6.9-10.2 ~ (or 38.Jt and 46.4t, 

respectively, of mean annual requlated Delta outflow (RDO) of 11: 

ll MAI for 3-5 years prior to the year of catch) despite many 

requlations. 

4. Correlations between recreational catch of striped bass 

and mean spring (April+May+Juna/3) and annual RDO . tor the 

precedinq years ( laqqed by 3 years) illustrate that optimal 

·recreational catch correspond to 2.0-3.0 ~ (i.e., total sprinq 
I 

RDO of 6.0-9.0 ~ or 35.3% and 42.9t of mean annual RDO ot .11: 

11 HA[, respectively). 

5. For the 1967-1981 period, correlations between the 

Striped ~ Index ot abundance and s-year running ~ annual 

requlated Delta outflow yielded one of the hiqhest correlations 

(r • 0.97: p<0.05), indicatinq that Jcnowledqa of the averaqe flow 

conditions tor 5 runninq years ia a qood predictor ot Striped 

Bass Index level and therefore, abundance of fish suitable for 

recreational catch. These analyses indicate that five years ot 

average annual requlated Delta outflow (RD05) ot ~ MA? ~ ~ 
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followed l2X marginal ~ abundance, while 18-21 MAF for 5 years 

x1ll. Q§ followed l2l! optimal ~ populations. 

6. Average spring (Apr!l+May+June/3) RD05 also _were 

highly correlated with the Striped Bass Index for the 1959-1981 

period (r • 0.821 p<0.05). As with annual flow, the results 

indicate that 3-5 years with average spring flows of 2-2.5 llAl 

(33,611-42,014 cfs or 951-1,189 m3/sec) will result ~n optimal 

populations (total spring Delta outflows of . 6.0-1.s HAI: 

correspond to 33.3-35.7.t of mean annual Delta outflows for 3-5 

years). 

AD1erican ~ CAlosa sapidissimol 

1. Between 1916 and 1957 (when commercial fishing was 

prohibited), landings ranged between 113,000 (1941) and 5.7 

million pounds (1916). Correlations for the 1916-1931 period 

(when level of effort and techniques were relatively constant), 

indicate that average annual and spring regulated flows for the 

previous 3-4 years correlated quite well with the commercial shad 

catch (r • o. 881 p<O. 05 for annual and r • O. 89, p<O. 05 for 

spring flows). 

2. During 1916-1931, landings of 1.5-2 million pounds 

followed 3- and 5-year periods with average spring Delta outflows 

of 2.5-3.5 HAl (42,014-58,819 cfs or 1,176-1,665 m3/sec), i.e., 

for those periods total spring outflows of 7. 5-10. 5 HAI: 

correspond to 41.7 and 42.0.t of the mean annual flows of 18-25 
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Concltisions 

1. The similarities in the correlations between seasonal 

and ·annual regulated Delta outflow for the three species of 

anadromous fish suggest that a specific range of mean flows 

during consecutive springs, as well as consecutive years, have 

both a predictable effect on reproduction, recruitment in stock 

a.nd catch success, and thereby supports the argument that there 

are cumulative effects of flow on fish (and perhaps on other 

species as well) in this and other estuaries. 

2. In sum, for all three of the most valuable species of 

anadromous fish of the San Francisco Bay ecosystem (Chinook 

salmon, striped bass and American shad), the highest correlations 

between commercial catch and average spring and annual regulated 

outflows of the pre-project period of 1915-1943 (characterized by 

predominant upstream diversion) were obtained for catch of a 

gi van year against _seasonal and annual regulated Del ta -outflow 

averaged for the preceding 3-5 years (RD03R005). 

3. As a rule, the mean spring RDO of 2.3-3.5 MAI: (38,653-

58,819 cfs or 1,082-1,665 m3/sec), which correspond to 64-97t of 

the normal (unimpaired) sprinq Del ta outflow of 3. 6 MAF (for 

1921-1978), provided the optimal commercial catch. 

Under these conditions t.hl. prevailing range 2.f annual 

averaged regulated Delta outfloW was equal to 19-22 HAI! (or 70-

8lt of the normal unimpaired Delta outflow • 27.2 MAF . for the 

period of 1921-1978). 

4. The highest correlations between production indices 

(salmon .f.Al11'.lln and~), as well as striped~ recreational 

catch, and averaged spring and annual regulated Delta outflow for 

13 



several consecutive years of the post-project period of 1944-1985 

may indicate that the range of 3- and 5-year running mean spring 

of 2.3-2.5 Hll (38,655-42,014 cfs) was able to maintain 

relatively tolerant ecological conditions for eggs, larvae and 

juvenile survival up to 1975. That is, total spring and annual 

RDO tor the 3-5 years preceding the year of catch or index were 

6.9-7.5 HA? and 17-19 HAf, respectively. (These ranges of spring 

and annual Roo3 , 5 correspond to 64-70t and 62-70t of their 

normals, 3.6 and 27.2 MAF, respectively.) 

When the gradual reduction of water supply exceeded these 

thresholds and reached mean spring and annual regulated volumes 

of 1.0-1.5 MAF and 11-15 MAF, respectively (or 27-40t and 40-55t 

of their normals), the signs of deterioration of environment of 

the riverine-estuarine system and its livinq resources became 

obvious. 

It seems likely that the average sprinq water supply for 

several consecutive years contributes significantly to the 

adequate ecological conditions for eggs, larvae and juvenile · 

survival. Therefore it is not surprising that these cumulative 

average regulated Delta outflows (with concomitant influence on 

nutrient level, salinity, temperature, dissolved oxygen, etc.) 

affect the overall estuarine environment and, as a result, the 

reproductive success of fish. 

However, the predominant ranges of mean annual and spring 

water supply to the Bay for the 3- and. 5-year periods were 1.5-

2 .5 times less (annual) and 2.5-3.5 times less (spring) than 

their normal levels for the last lQ-15 years. 

14 



In our opinion, this, in combination with less visible man­

induced factors, has resulted in a 19- and 60-fold reduction of 

~ and salmon tAll. ~ between 1959-1985, respectively, as well 

as in the overall drastic decline of recreational catch of 

striped bass, recreational and commercial catch of salmon, shad, 

and steelhead trout in the Sacramento-San Joaquin ri var-Del ta­

Bay-coastal zone ecosystem. 

The total economic losses due to declines in catch (between 

1965-1986) of striped bass and salmon account for 1.6 billion 

dollars, or 2. 6 billion dollars, it steelhead trout decline is 

taken into consideration (Meyer Resources, 1985: T. Beuttler, 

presentation at "Fish and Wildlife in th• Bay-Delta Estuary" 

SWRCB Conference f4, 1986). 

5. These and other similar historical examples of the 

relation between human needs tor freshwater and protection of 

estuarine environments indicate that special consideration should 

be given to the cons~quences of timinq and volume of spring and 

annual water withdrawals on recruitment and landings of 

anadromous fish because of their known sensitive response to 

cumulative fluctuation• in freshwater supply. It may be possible 

to alleviate these problems and to protect water intakes in the 

Delta it limits to water diversion can be aqreed upon, perhaps 

through the establishment of salinity and flow standards for San 

Francisco Bay (neither of which currently exist). 
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Recommendations 

Based on this evaluation of modifications in requlated flows 

and their impacts on salmon, striped bass and shad populations 

and catches in the Delta and San Francisco Bay, lOl propose ~ 

following criteria .fg.i: mun spring Ans1 annual reaulated Delta 

outflows wbich Jlm6 a maintained .fg.i: period,• g,.f At least .2.:1. 

consecutiye years to ensure adequate water quality, · seasonal 

displacement of the entrapment zone and optimal conditions for 

fish miqration and spawninq, as well as tor juvenile survival and 

success in recreational and even commercial catch in th• Dalta­

San Francisco Bay coastal zone ecosystem (Fiq. 8-1, a-2.: Table 

8-1): 

A. Total sprinq requlated Dal ta outflow • 6. 9-7. 5 HAI or 

mean sprinq (April+May+June/3) flows of at least 2. 3-2. 5 Ml.l 

(64.l-69.6t of the normal sprinq delta outflow, Q • 3.59 MAF) or 

38.653-42.014 ~-

B. Total annual requlated Delta outflows no less than 17-19 

MA? (62.5-69.St ot the Q • 27.2 MAF). 

Tabla 8-1 summarizes our recommendations tor water standards 

and criteria to safequard fisheries resources, based on our 

findinqs. 
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hble 8·1 le1uleted Delte outflow end living 
rfver·Delte·len frencfaco ley ecoayatea: pre· 
observed values end recoaaendetfona• 

resources of the 
end post project 

Prc·Projtct p1rfod • pb11rv1d y1tu1i: 

Pereaeter\ffah 

CO!!!CC!tl ~ 

l1l19n ltrlptd I.Lii. 

Totel Sprf n1 leg• 
uleted Delte Outflow 
UDO): 

MAF 7.5·12.0 6.9·10.Z 7.5·10.5 
(k•3> (9.2·14.1> (l.5· 12.6) (9.2·13.0) 

Meen lprfn1 IDO: 

MAF 2.5·4.0 Z.3·3.4 Z.5·3.5 
cfa 42,014•67,222 31,653·57,139 42,014·51,819 

(k•3> (3.1·4.9) <Z.1·4.Z> (3.1·4.3) 
ca3 /aec> (1,119·1,904) (1,094·1,611) (1,119·1,666) 

Annuel IDO: 

MAF 19.0·23.0 11.0·22.0 11.0·25.0 
(k•3> (23.4·21.4) (22.2·27.1) (22.2·30.I> 

• • • • • • • • • • • • • • • • • • • • • All 3 lpecfea • • • • • • • • • • • • • • • • • • • • • 

Totel Spring IDO: 

Mean Spring 1001 

MAf 
cfa 

6.9·12.0 
(l.5·14.1) 

2.3·4.D 
31,653·67,222 

(2.1·4~9) 

(1,094·1,904) 

11.0·25.0 
(22.2·30.I> 



T•ble 1·1 continued 

Po1t·Prol1ct Ptrf od • Qb11ry1d y1lye1: 

P•r•••ter\flah 

Totel Sprf n1 ••1· 
uleted Delt• Outflow 
UDO): 

MAF 
(k•3> 

Me•n lprf n1 IDO: 

MAF 

eta 

Ck•3 > 
(•3/aec) 

Annu•l IDO: 

It l 1p n f.Lll. IJlD. 

6.9·1.9 
(l.5·11.0) 

2.3·2.I 
31,653·47,056 

(2.1·3.4) 
(1,094·1,332> 

17.0·19.0 
(21.0·23.4) 

Striped l.U.L Index 

6.0-7.5 
(7.4·9.2) 

2.0·2.5 
33,611·42,014 

(2.5·3.1) 
(952·1,119) 

11.0·21.0 
(22.2·25.9) 

Reco••tndetfona 1.2.t. A.1.1. ~ apecfea: 

Tot•l Sprln1 IDO: 

Mt•n Sprf n1 IDO: 

MAF 

eta 

Ck•3 > 
<•3 /aec> 

Annuel IDOs 

• Note: 

Recreetfon•l ~ Ll•fted Com•trcfel C•tch 

6.9·7.5 
(l.5·9.2) 

2.3·2.5 
31,653·42,014 

(2.1·3.1) 
( 1, 094 • 1, 119) 

17·21 
(21 .0·25.9) 

It r f prd l.U.L 
l1cr11tfon1\ U1.£.b. 

6.0·9.0 
(7.4·11.1) 

2.0·3.0 
33,611-50,417 

(2.5·3.7) 
(952·1,421) 

17.0·21.0 
(21.0·25.9> 

The reco••tnded totel aprfn1 IDO for aever•l yeara prfor to •f1r•tfon 
•nd ap•wnfn1 of anedro•oua ff ah •ccount• for 63.9·69.4S of the nor••l aprfn1 
Delt• outflow of 10.1 MAF. The reco•••nded totel ennual IDO eccounta for 62.5· 
6 9 ._IS ~ . o f t he no r • • l • n nu• l D • l t • o u tf l .: , · ·:· f 2 7 • 2 · "A f. I n· t h h c • a • , t o t • l 



Table 1·1 contfnued 

.. inter IDO of 1.5·9.5 "AF .. Ill eccount for 61.5·61.71 of the noraal 11fnter 
Delta outflo11 of 13.1 "AF; the total eu•••r·autuan IDO of 1.6·2.0 "AF 11fll 
eccount for 62.0·77.51 of the noraal euaaer•eutuan Dalt• outflo11 of 2.6 •AF. 

The aonthly redhtrlbutlon of re1ulated outflo11a ••Y differ fro• th• 
••••onal av•r•1•• (especially for ttlnter end aprln1> provided th•t their 
volu••• are eble to aafntafn optlaal balanced 11ater quality conditions for the 
different 11eter users. 

lecauae, In our lnveatl1atlon, fish lendln1• and Indices ere Indicators 
of the health of the envlronaent, the J• end S•year runnln1 •••n IDO· are 
•••u••d to be responsible for provldln1 optl••l condition• for: 
• Land11ard al1retlon, apa11nln1 end reerln1, 
• lea11ard •l1retlon of Juvenile fish, 
·Physical, chealcel end blolotlcel per•••t•r• of the entrepaent zone 

(lncludln1 nutrient supply) •• ttell . •• fta ultlaate apatlo•teaporel 
dyna•lca 11lthln the lulaun l•Y • Carqulnez Strait erea, 

• AdJuataent of Juvenile to salinity fluctuetlona In trenaltlon zones of the 
Delta•lulaun lay aubayat••, 

• Water quality In the Delta suitable for different 11ater users, 
• Fluahln1 Intensity nec••••ry to aalnteln edequete 11ater quelfty In the 

••uarf ne •Y•t••· 

The reco•••nded optlaal ran1• of Delt• outf lo11 dlachar1•• do not preclude 
the possibility of additional ••n·re1uleted rel•••••• provided th••• rel••••• 
11fll not result In the deatebflfzetlon of the Delta levees (11hlch have 
adjusted to lapalred runoff and ••dl••nt load over th.• lest forty Y••r•> or In 
the develop•ent of •shock• conditions for •11•, lervae end Juvenile fish. 

COllVEISJOllS: 

Cubic feet per aecond (cf•> x .021317 • cubic ••t•r• per second ca3 /aec) 

Acre feet x 1.233 x 10" 6 • cubic klloaetera (ta3 > 



In our view, any statement published in the past claiming 

that it is possible to · restore a historical level of fish 

population should be considered erroneous. 

The restoration of historical fish levels would only be 

possible if historical levels of .unimpaired runoff discharges, by 

season and year, as well as historical migration routes of 

spawning fish and their habitats were also restored. 

Moreover, based on worldwide experience, as well as on the 

development of commercial and recreational tisharias on the 

Del ta-San Francisco Bay ecosystem, future success in fish 

landings will depend upon the amount of water discharged· into 

the estuarine system especially in the late winter-spring, rather 

than on the production of hatcheries. Hatcheries may create tha 

illusion of preventing the extinction of a species but cannot 

restore the historical level of natural fish populations. 

Therefore, only economically and ecologically balanced water 

management can adequately quard tha interests of the estuarine 

environment and its water users. We cannot restore but we can 

preserve. 
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San Frand1eo State University 
1600 Holloway Avenue 
San Francisco. California 94132 

Congresswoman Barbara Boxer 
88 Belvedere Street ID 
San Rafael, CA 94901 

Dear Congresswoman Boxer: 

September 27, 1988 

School of Science 
~ 15/338-1571 

.• 

In our attempt to keep you continuously informed about the progress on 
understanding the San Francisco Bay-Delta System, I enclose for your 
information a review of two technical reports of the Romberg Tiburon Center 
for Environmental Studies, received from Dr. Michael Champ of the National 
Science Foundation, as well as the cover page from the journal Estuaries of 
which Dr. Champ serves as editor. These · reports, by Michael Rozengurt and 
Michael Herz, were presented as Romberg Tiburon Center Exhibits 1 and 20 at 
the recent Delta-Bay Hearings of' the State . Water Resources Control Board. 
Dr. Champ is a scientist of international reputation in this field and his 
very positive conrnent regarding the work by our scientists at the Romberg 
Tiburon Center is an important one. 

These reports are the first of their kind in the evaluation of the role of 
man's historical activity on water supply and diversions in the 
Sacramento-San Joaquin-San Francisco Bay ecosystem watershed. In addition, 
the reports highlight the interrelation between fisheries and runoff in 
order to provide a reasonable reconmendation on the rate of water 
diversions and discharges necessary to maintain fisheries and the entire 
environmental health of the ecosystem and its agricultural• municipal and 
industrial water intakes in the Delta. 

This research embodied in the two technical reports was supported by grants 
from the San Francisco Foundation and the Marin Conrnunity Foundation. 

I hope you wil 1. be able to take the time to read this review. If you have 
any further questions, please feel free to contact me at 415/338·1571. 

S}ncere~. ~~Qurs, 

Ja es C. K~E 
~ea , School f cience 

/ I 

I
/ JCK c _ .. 

1 cc: pr. Robert Corrigan, President, San Francisco State University 
I ,Dr. Douglas Patino, President, Marin Conrnunity Foundation 
, : Dr. Robert Fisher, Director, San Francisco Foundation 
\ State Water Resources Control Board 
' Dr. Michae1 Rozengurt, Tiburon Center for Environmental Studies 

Dr. f:1ichael Herz, Tiburon Center for Environmental Studies 

The City's University 



10 Auqust 1988 

Dr. James c. Kelley, Dean 
San Francisco . State University 
1600 Holloway Avenue 
San Francisco, CA 94132 

Dear Jim: 

Thank you for the opportunity to review the following 
two Technical Reports of the Romberg Tiburon Center for 
Environmental Studies: 

(1) "Analysis of the Influence of Water withdrawls on 
Runoff to the Del ta-San Francisco Bay Ecosystem 

· (1921-83)." May 1987, by M. Rozenqurt, M.J. Herz, 
and S. Feld. Tiburon Center Technical Report No. 
87-7. 

· (2) "The Role of Water Diversions in the Decline of 
Fisheries of the Delta - San Francisco Bay & Other 
Estuaries." September 1987, by M. Rozengurt, M.J. 
Herz, and s. Feld. Tiburon -Center Technical Report 
No. 87-8. 

The first of these two reports is perhaps one of the 
most significant technical studies written on the effects of 
water resources management activities on coastal ecosystems 
prepared in the last 20 years. I will not be surprised if it 
becomes a classic. The analysis is extremely comprehensive 
and complex. A few of us on the east coast have noted that 
every 5 years or so, someone or a small group in California 
manages to identify the next national environmental problem, 
such as this study on low flow. It must be something in the 
water. A second coincidence, which I consider to be very 
important here, is to have in California, a hydrologist who 
was a key player in the studies of the system level effects 
of 'large freshwater diversions in Russia. These studies and 
their results were unknown outside of Russia, until Dr. 
Rozengurt published his first paper in the U.S. (Rozengurt 
and Haydock, 1981). 

: 



-2-

The dissemination of the results of these Russian 
studies is very important to water resource management all 
over the world. During the Christmas Holidays of this past 
year, I served as a referee for a very comprehensive 
manuscript for CRC Press•s Critical Reviews in Marine Science 
by Drs Rozenqurt and Hedgpeth entitled: "The Impact of 
Altered River Flow on the Ecosystem of the Caspian Sea." The 
manuscript, which will be published in the December issue 
summarized the results of a large number of Russian studies 
of the lower Volga-Del ta-North Caspian Sea and developed a 
conceptual model of the system effects of runoff reduction 
due to di version on the estuarine environment and living 
resources. 

I have prepared a separate review for each technical 
report. 

I concur fully with the approaches utilized for data 
reduction and analysis. and the subsequent interpretations. 
and conclusions in Technical Report 87-7. Technical Report 
87-8 is not as comprehensive nor as sophisticated because it 
is a correlation study which utilizes calculated flow data 
from 87-7 for correlation to fisheries catch data. .The . 
results and conclusions of Technical Reports 87-7 and 87-8 
will stimulate many similar studies in estuaries all over the 
world. Both Technical Reports could use a general executive 
type summary up front to lay out the total scope and results 
of each study. 

My review comments are attached, and if you have any 
questions, please do not hestitate to contact me. 

Encl. 

Michael A. Champ 
7000 Vagabond Dr. 
Falls Church, VA 22042 

(202) 357-9707 
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Dr. Robert A. Corrigan 
President 

SEP 12 1989 

The California State University 
400 Golden Shore 
Long Beach, California 90802-4275 

Dear Dr. Corrigan: ... -·-

This is to notify you of our appreciation tor the recent . 
presentation on the effects of water diversions in California's 
Central Valley by Dr. Michael A. Rozenqurt, Senior Research 
Scientist at the San Francisco State University's Tiburon Center 
for Environmental Studies. His excellent and timely presentation ­
on July 18, 1989, made us aware of the threat of massive 
diversions of freshwater inflows away from highly productive, :". 
estuarine ecosystems, such as San Francisco Bay. The National 
Marine Fisheries Service, as steward of the nation's living 
marine resources, considers alteration of freshwater inflows to 
estuaries as one of the four highest priority threats to.the 
continued survival and productivity of the nation•·s living marine 
resources. The "health" of estuarine ecosystems is, therefore, · 
of major co_ncern to us. · ~ 

staff memi,ers also attended Dr. Rozenqurt's presentation to the 
U. s. Congress• Environmental and Energy Study Conference; in 
joint session with the U.S Global Strategy .;Council, on. tlle world­
wide effects of massive freshwater diversions ,away from estuarine 
systems. While the effects of . diversioris o~ . valuable fisheries 
resources are severe, they pale in significance compared to 
adverse societal effects of desertification .due to saltwater 
intrusion into adjacent groundwater, t~us compromising human 
habitation of large deltaic ·areas. Moreover, Dr. Rozengurt's 
presentation at the recently concluded . ..International Symposium on 
Wetlands and River Corridor Management, sponsored by the · 
Association of State Wetland Managers I •• was considered by many in 
attendance, including our own scientists, to be the most dramatic 
and important of the entire symposium.· ~ -

.. 



--- ---

DJ;. Rozengurt•s professional and scientific contributions have 
led to our awakening recognition of this critical national and 
international issue. His work has been significant and the 
California State University is to be commended for its support 
for such scientific inquiry and synthesis as applied to difficult 
public policy decision making. 

cc: Dr. Michael A. Rozengurt 

Sincerely, 

/a/ Jamea W. Br9MQn 

James w. Brennan 
Assistant Administrator­

for Fisheries 

• 

bee: F(2), Fxl, Fx3, F/SWR, F/SWC, F/PR, F/CM, F/RE, F/PR4, 
F/SWCJ, F/SWR13, F/SEC9, F/SEC6, . F/SER, F/SERll, F/NER, F/NER74, 
F/NEC, CSOP, CSEP, CSCO 

NMFS: F/PR4: JChambers: 427-2319: 8/9/89:retyped:geet:9/6/89 
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. . l L. Eugene Cronin 
Coastal Consultant 

12 Mayo Avenue. Bay Ridge 
Annapolis. MD 2 1 403 

30 I ·267·6744 

Jomes C. Kelley. Deon 
Son Francisco State University 
1600 Holloway Avenue 
Son Francisco. CA 94132 

·Dear Deon Kelley: 

8 tlay 1988 

I have reviewed the Report The Role of Water Diversions 1~ 
~ Pecline of Fisheries of the Pelto-Son Francisco BoY ond 
Other Estuaries with exceptional interest. 

My response is in three ports: 

o. tlarainol ond· text onnototlona on the manuscript. 
which hos been sent to Dr. Rozenaurt. 

b. The enclosed "Review comments" on aeneral aspects of 
the report. 

c. This letter. includina response to the specific 
requests of your letter of 8 March 1988. 

The most effective and important amona o number of 
sianificont contributions in the Report appear to me to be: 

1. The basis for analysis and managerial control of the 
flows from the Socramonto-Son Joaquin-Delta system to the 
estuary hos been .seriously in error. leodina to domoaina 
potentials for the estuary. It should be corrected os 
recommended. Tho basis for that conclusion is well laid and 
convincina. 

2. Massive reduction in the release of fresh water because 
of diversions. especially in spring. hos contributed heavily to 
reduction in the production of valuable species of onodromous 
fish. The evidence is very impressive ond I believe that the 
conclusion is correct. It is. obviously. unfortunate that there 
is a lock of the dote required to link flows more closely to th1 
production of salmon. striped bass and shod. We all wish that 
additional detailed observations h~d been made ih the post ·- bu 
they do not exist. 

The approach employed by the authors is imaginative. 
carefully executed and about os aood os I hove seen among those 
who attempt to hindcost. or rather identify possible 
relationships in retrospect.There ore always serious 
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uncertainties in developina and evaluatina co-incidences and 
even more in attemptina to prove co-relations or causality. The 
authors ere Yully aware of' these diEf'iculties. The Report aay 
receive criticism based on the inherent limitations or 
retrospective search Yor relationships. and some of' the 
criticism may be valid. However. the atrenath of' developina 
i .ndications 0£ the importance oE time-laaaed f'lows on t.he 
abundance implied by harvest ia very impressive. 

In my opinion. any eianiYicent critics ehould bear' the 
burden of' demonstratina equally well any more probable cause of' · 
the declines . 

In f'ine. I consider that the Report reveals quite probably 
relationships between Ylow end stock production. · I suspect that 
there IR8Y be additional neaative ef'f'ects of' the massive 
diversions on other parts of' the estuarine ecosystem. but these 
will require edditionmal data end analysis. 

1£ I were seekina a basis Yor rational management of' 
diversions based on a committment to protect valuable estuarine 
resources. I would adopt the recommended ·f'low patterns until. 
and unless. even more convincing evidence is provided end 
broadly accepted f'avorina e dif'f'erent management regime. 

Thank you Eor the opportunity to participate in this 
review. 

Cordially. 

L. Eugene Cronin 

cc : Dr. Rozengurt 
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- . ASSOCIATION OF BAY AREA GOVERNMENTS 

Malling Address:• P.O. Box 2050 • O•kland. CA 1'604·2050 

November 30, 1988 

James C. Kelley 
Dean, School Of Science 
San Francisco State University 
1600 Holloway Avenue 
San Francisco, CA 94132 

Dear Dean Kelley: 

Revan Tranter was delighted to receive your letter enclosing a review of two 
technical reports on the effects ~f altered water flow on estuary systems. . 

Because I work closely with the San Francisco Estuary Project, housed in the 
ABAG offices, he asked me to forward convnents. 

After reviewing the material you sent, two issues come to mind. First, these 
technical reports develop new, badly needed, information on the effects of 
freshwater diversion on the Bay and Delta ecosystems. Second, the reports 
point out the critical need for collecting additional information-­
specifically long-term data sets. 

On~ of the purposes of the San Francisco Estuary Project is to identify data 
gaps, then develop a plan to fill these gaps. The Project members know of 
these reports. In fact, Mike Herz is an alternate on the Project's Technical 
Advisory Committee. 

The information contained in these reports will certainly be useful in 
identifying and prioritizing data gaps. 

Revan asked me to forward your letter and the attached information to the 
Project's staff so they may call it to the attention of the soon-to-be 
appointed San Francisco Estuary Project Manager. 

Many thanks for commending these reports to Revan and ABAG. He appreciates 
being kept abreast of state-of-the-art technical papers of direct value to 
projects in which ABAG is an active partner. 

Sincer~ly y~urs, 

c.~.-tz; ~ c . f.,j.J,l ( i-,,,. ,1 
Cathryn A. Hilliard 
Director of Public Affairs 

Representing City and County Governments of the San Francisco Bay Area 

Joseph P Bort MetroCenter • Eighth & Oak Streets • Oakland • (415) 464-7900 • Fax : (415) 464·7979 

.. 
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UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic •nd Atmosphel"ic Admini•tratlon 
NATIONAL MARINE FISHERIES SERVICE 

James C. Kelly, Dean 
School of Science 
San Francisco State University 
1600 Holloway Avenue 
San Francisco, CA 94132 

Dear Dean Kelly: 

Southwest Fisheries Center 
Tiburon Laboratory 
3150 Paradise Drive 
Tiburon, CA 94920 

March 15, 1988 F/SWC3:JAW 

Recently I evaluated a report by Michael J. Rozengurt, Michael J. Herz and 
Sergio Feld entitled "The role of water diversions in the decline of fisheries 
of the Delta-San Francisco Bay and other estuaries." In February I forwarded 
six pages of comments to Dr. Michael Rozengurt and discussed the report with 
him. My primary intent was to be helpful wherever possible. 

In my opinion, Dr. Rozengurt has made some extremely important points with 
regard to the determination of valid historical flow. I think he has raised 
some serious questions about how water quality decisions are made by the State 
of California. I agree with his redefinition of flow and his analysis. I 
believe the review of Dr. Luna Leopold also substantiates Dr. Rozengurt's 
analysis. In particular, I agree that the increased probability of subnormal 
wetness due to water diversion is probably a major factor contributing to 
fisheries declines in the San Francisco Bay-Delta area. The decreased wetness 
of the spring period is particularly important in affecting spawning and 
larval development of striped bass. 

I reconmended that Dr. Rozengurt have his work evaluated by a fisheries 
statistician, and I also recorrmended 'that he do further editing on the ms for 
purposes of clarification. On the whole, however, I feel he has made an 
important contribution to understanding environmental problems in the 
San Francisco Bay-Delta ecosystem. 

If you would like a copy of the more specific editorial comments I sent to 
him, I would be happy to provide them. 

cerely yours, 

~&CA~ 
Jeannette A. Whipple 
Acting Director, Tiburon Labor~tory 



Dr. Michael Rozengurt 

Applied 
Science 
Associates, 
Inc. 

Tiburon Center for Environmental Studies 
Sau Francisco State University 
P.O. Box 855 
Tiburon, CA 94920 

f 
Dear Dr. Rozengut.t: 

December 23, 1987 

- · -~-~· ' ,' -·;;=t· .•.· . 

Thank you for sending me copies of your two reports nn the analysis of the 
influence of water withdrawals on funoff to the Delta-Sar. Francisco Bay ecosystem. 
Let ~e first apologize for not responding to your letter of November 2, 1987 
sooner. I was on travel for the entire month of Nov .. mber 1987 and am just now 
digging my way out of a pile of papers, reports, etc. 

I have read your report with interest and see the striking simularities to 
problems David Tolmazine studied in the the Black Sea. You have clearly 
documented the problem vi.th your analysis of_ freshwater inputs to the system and 
how they have been changed by diversions and withdrawals. What is conspicuous 
by its absence from reports is how the fol~s who manage fre~hwater in California 
got themselves in such a situation. It would have been .most interesting to know hov 
the water authorities assessed the. impact of proposed withdrawals/diversions on the 
ecosystem. Did they do any analysis? Why was the analysis faulty. Surely the 
U. S. Army Corp of Engineers did their famous San Francisco Bay physical model or 
the USGS and their numerical model have addressed the i~pact of water withdrawal/ 
diversion on r~ceiving water quality. Was their models wrong? Why? 

Certainly it is not necessary for you to address there questions in your report. 
They, however, seem to be obvious questions that need to be investigated if one i• 
to come up with a rationale way to trade off freshwater contracts against the bay 
exosystem health. · 

As an aside, I've enclosed some information on our company, ASA for your 
interest. We specialize in numerical modeling of coastal estuarine and shelf 
process~s and apply our models to assess impacts associated with various developments 
as the environment. 

11S:ck 

1 wish you success in your work. PleaR~ ke~p me on your mailing list. 

Sincerely, 
. .. . . 

'fJ{~ c/~tdd~ 
Halcol"' Sp:iulding ~ 

note: Or. Spauldlng is a professor of 
Oceanography at the University of Rhode Isl~ 
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Proceedings of the National Symp6sium­
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SUHKARY AND ltECOHHENDATIONS OF IYHPOSIUH 

.John Clark 

Conservation l'oundation, Washington, D. C. 

lorman Benson 
. . 

U. S. Fish and Wildlife SerVice, Slidell, touisiana 

INTRODUCTION 

· The 1oal of the_ National Sym­
posiwn on Freshwater Inflow to Estu­
aries was to review the management, 
planning, and ·scientific and tech­
nical problems associated with fresh­
water ·inflow to estuaries and ·to 
formulate recommendations to include 
f resbwater inflow in the planning and 
management processes. Thus,-the Sym­
posium was . organized to develop and 
assemble information and to p:-opose 
action programs. 

The Symposiwn revealed that, al­
though the importance of estuaries 
has been recognized by Congress and 
others, fe'*! actions have been t.~ken 
to protect them. As a society ve 
find ourselves talking about the im­
portance of estuaries ·and hov they 
should be saved while our actions, or 
lack of action is the result of a.any 
causes: the complex nature of estu­
aries, 'the geographical differences 
in their requirements and man's ef­
fect on them, our often fragmented 
single-discipline and single-purpose 
approach toward them, and our will­
ingness to act without a clear under­
standing of the ultimate effects of 
our actions. It was recommended that 
there should be a renewed nationvide 
•andate to recognize estuaries as re­
sources of extremely high value, and 
that nationwide conservation objec­
tives should be established that can 

be Tisualized and applied by the 
public, engineers, scientists and 
aanagers. Optimal salinity regiaes 
should be established as conservation 
objectives for each estuary, vith 
optional sediment and hydroloaic 
regimes as related objectives. 

. The Symposium's opening plenary 
session described the high values of 
estauries to the Ration for recrea­
tion, food and aesthetics. Fresh­
water inflow problems were identi­
fied in Raritan Bay, Chesapeake Bay, 
southern Florida, the Gulf of Mexi­
co, San Francisco- Bay and the ColWl­
bia · River estuary. The problems 

• identified include t.he reduction of 
volume of freshwater inflow, modi­
fication of seasonal flov regimes, 
reduction of vat.er quality, and 
alteration of sediment and nutrient 
content in freshwater inflow. It 

. was emphasized that estuarine cler 
radation and .management aust 1»e 
dealt vith •ore effectively if estu­
aries are to continue to produce the 
products and services that the lation 
expects of them. The need to deter­
mine the effects of various types of 
management on estu~rine ecosystems 
was emphasized. It was also pointed 
out that •any estuary production pro­
cesses and environmental problems are 
not directly related to freshwater 
inflow, and that ecosyste11 plannini 
and aanageaent •ust consider all 
man-related actions that affect 
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e1tuaries ·• Several •peakers Doted 
that proble111 exist in definina the 
freshwater · needs of estuaries, and 
that widely recoanized criteria are 
needed for •ettin& ecolo1ical 1oal1 
in estuaries. Because of the lack of 
data, the fre1hwater need• of aany 
estuaries cannot compete -vlth the 
aore clearly defined needs of aari­
culture, industry and cities. 

This review summarizes some of 
the pertinent research findings that 
were presented, some of the planning 
problems identified, specific recom­
mendations that were presented in 
papers or in discussion, and aeneral 
recommendations on how the protection 
of estuaries may be pursued. General 
conclusions are offered. 

o I 

RESEARCH FINDINGS 

The relations between freshwater 
inflow and biological production and 
processing in estuaries were des­
cribed in 11any papers. Several pa­
pers em-ph~zed the need for lon&­
term 76 ~ 15 years) data before 
we can develop an understanding of 
....-- · t B estuarine ccosys ems. owever, a 
combination of data files and sophis­
ticated prediction methods can be 
used to aid decisionmaking· where in­
sufficient time series data exist. 
The importance of temperature of riv­
er inflow on estuarine organisms was 
recognized in . Chesapeake Bay for 
striped bass and in Louisiana for 
shrimp and oysters. Natural tempera­
tures of incoming rivers are . be in& 
altered by the passa1e of river water 
through power plants and by water be­
ing discharged from reservoirs and 
other water-control structures on 
rivers. In some areas the positive 
correlation between sbriA:ip production 
and freshwater inflow bas been shown 
but remains unexplained. Benthic in-

fauna production va1 clirectlJ related 
to freshwater inflow and aay •e one 
reason for the positive correlation 
•etween freshwater lnflov and •hriap 
production. . 

Drainaae •itches ln lortb Caro­
lina increased coastal runoff rates 
which deleteriously affected •hrimp 
production. Upper Chesapeake lay 
salinities have decreased historical­
ly because of an increased rate of 

· .. runoff clue to the reduced amount of 
forested land in the watershed, but 
increased water diversion aay reverse 
this trend. Chanaes in land use have 

· influenced river flow in many _areas. 

Publishe~,.r~sults .reaardiog ~·­
• ter developments · in · rivers .. '"entering 
. t~~.-Az~'!t ..... ~:t.~~i•~-~ BJ,~!=~ ... and .lledi­
ter~~n.ean •• ~-e.~• . . ~-=-Europe •. ~nd . Asia 
all point to the conclusion that no . . . . , . . . ,. ... . . . . .. 

• more than ~25 to· 30 'percent of the 
.historical ·river-flow-can· be diverted 
Without .... disastrous' . e1coloiical • COD-•• . ' . . . . .. ,. 
sequences to the ·receiving e·stuary. 
Comparable studies. on. six estuaries 
by the Tex•! .1iat~~ . Res«?urc.es Depart· 
ment showed that a 32 percent deple­
tion of natural freshwater inflow tc 
estuaries was the ·average ·aaximum 
percentage that could be permitted i~ 
subsistence levels of nutrient trans· 
port, habitat maintenance, and sa· 
linity control were to be maintained . 
The Second JJational Vater Assessment: 
prepared by the U.S. Vater Resource: 
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Council, produced data showing tha ' 
several U.S. estuaries alre.ady b.av. 
incurred depletion. levels greate 
than those threshold levels. Severa 
•odels vere described · or are wicJe 
development for predicting the eco 
logical effects of freshwater inflo 
in Texas, Chesapeake Bay and Sa 
Francisco Bay. 

The importance of the salildt 
transition zone in estuaries Le 
•ineralization, mobilization, •~ 
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releaae of autrienta f r011 the eub­
etrate of estuaries vas described. 
Remote aen1in1 can be used to monitor 
aalinity, chlorophyll !.• temperature 
and auspended aedi•ent in estuaries. 

Studies on Potomac River vater 
quality froa 1920 to 1979 identified 
the importance of suspended aediment 
in preventina algae blooms where ni­
trogen and phosphorous levels in in­
flowing water have increased. Re­
search in wetlands adjacent · to a 
heavily developed resort area in 
Florida predicted that freshwater 
inflow can be partially restored 
through a combinati&n of retention 
structures {small lakes) and spread­
ers to attain sheet flow into the 
estuary. The capability of predicting 
delta formation for several Louisiana 
estuaries exists and should facili­
tate ·planning over-di_ke freshwater 
inflow introductions. 

· All sections of the conterminous 
U.S. coa~t were· covered in the re­
search papers, but there were more 
papers from the Gulf of Mexico than 
from other coastal areas. 

PLANNING 

Planning problems and ideas were 
generated by aany papers and in the 
discussion. Several speakers empha­
sized the need for multi-agency and 
interdisciplinary studies and plan­
ning efforts. Clearly defined ecolo­
gical and development· goals aust be 
established for individual estuaries. 
These goals may describe types of 
habitats (e.g., intermediate and 
freshwater •arsh in touisian3) that 
are needed, desired organisms to be 
aaintained, and uses of estuaries and 
freshwater supply by people. ltanage-

•nt for protection of estuaries .au 
be comprehensive; it au1t uten4 u· 
atrea• and inclu4e vat.er and la 
111e. Althou1h uny Mdela ••e filifi 
er shellfish production to nalua 
the effects of freshwater inflo1 

aeveral authors felt that. it would 1 
preferable to use coanunity conditi· 
or ecoloaical structure and proceH• 
~o evaluate effects. 

Comprehensive aanagement au 
involve 1ettin1 the support of aa 
local, state, and Federal aaencie 
plus apecial interest _groups • 
they are properly used there are •a 
state and Federal aandates and dire 
tives that can provide justif icati 
for providing freshwater inflow 
estuaries. 

In touisiana it has been diff 
cult to get local support for rei 
troducing freshwater inflow in 
estuarine habitats because the loc 
and short-term demands are high, a 
long-term impacts, while beneficia 

· are foregone. Small-scale fres· 
water-introduction programs are bei 

· tried to deu»ionstrate the values 
maintaining aore natural dispera 
before large-scale programs are u 
dertaken • 
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: REc;OHME.\fDATIONS 

Specific recommendations ve 
made by speakers and general recoi 
mendations were developed . at t : 
closing "plenary session with sign 
f icant audience participation. The 
is some overlap between the specif 
and general recommendations, but bo · 
are presented below. Some specif: 
recommendations apply to restrict• 
geographical areas. 



• • ·-- - ·- ~-------__.__ ___ - - ---

Specific Rec01111endations 

1. Baseline data f ilea on in­
dividua 1 estuariesabould be estab­
lished for use ln ldentifyin& future 
ecolosical chan1e. 

2. llission-oriented aaencies 
. responsible for developing •anasement 
plans or for land acquisition and 
zoning in the coastal zone should es­
tablish draft priorities for their 
activities for the estuaries · of the 
1Jni ted States. These priorities 
should then be evaluated and trade­
offs developed by interagenc:y aroups, 

-regional or state agencies so that 
the established priorities will serve 
enviroDJDental, commercial, urban, and 
other interests in a comprehen~i~e 
manner. 

3. Criteria for evaluating the 
freshwater needs of estuaries must be 
established on a national level. Cri­
teria may be either purely physical 
or ecological, but physical criteria 
are easier to establish on a national 
level. Salinity must be considered 
because it is a fundamental ecolo­
gical factor and is easily measured. 

4. Refined methods for evalu­
ating the economic and non-economic · 
benefits of freshwater inflow to 
estuaries need to be developed. Bene­
ficial uses of estuaries must be de­
fined . and justified more clearly :lf 
adequate fresh water is to be pro­
vided through water rights decisions. 

S. Planning for freshw~ter in­
flow to estuaries should be based on 
the carrJing capacity approach, but 
trend analysis may be used to iden­
tify change. Carrying capacity is 
defined as the capability level of 
the estuarJ units to produce essen­
tial ecosystem products and services. 

6. The ecological effects and 
economic consequences of proposed ln-. . 

-· -- . --- --- - -

land vater •e•elopment projects 1111st 
be tracked to and throu1h the estu­
aries. Coastal ecoloalcal comauni­
ties and estuarine Yaluea •ust be in­
cluded in tradeoff aa.lysis of up­
river plannins tbroush impact asaess­
aent. 

7. there needs t.o be a stronaer 
and aore effective use of existing 
state, resional, and ~ederal resula­
tions and mandates to bring freshwa­
ter inflow into vater plannin1. 

I. The reintroduction of fresh­
va ter into estuarine ecosystems in 
the lower Mississippi River region 
should be primarily • J'ederal res­
ponsibility because aost of the di­
version of fresh water away from 

·.estuarine habitats resulted from 
J'ederal flood control and naviga- · 
tion projects. 

9. Management and research pro­
grams on rivers and watersheds should 
be integrated with those for estu­

- aries. 

10. Information developed abroad 
showed that a reduction of over 25 to 
30 percent of natural river flow re­
sulted in disastrous ecological con­
sequences in estuaries. Therefore, 
we suggest that (1) the U.S. Environ­
aental Protection Agency give serious 
consideration to promulgating a stan­
dard for cessation of further con­
sumptive depletion of . natural fresh­
water inflow until it can be show 
that additional depletion can be tol­
erated, and (2) that the 11.S. Vate1 
Resources Council include as part of 
th~ President' a proposed Independent 
Project Reviev Process a criterior 
for evaluating adherence to such • 
standard. 

General Recommendations 

At the fin3l plenary sessio 
four general recommendations vet 
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presented and discussed. Jt v•• 
1tated that .altboush the laporunce 
of the estuaries ha• been recoanized 
by Conaress aince the early 1960'• 
and va1 at•ted explicitly in tbe pas­
aage of the Estuary Protection Act in 
1968, few recommendations of profe1-
1ional &rOUpl have been acted Oil ef• 
fectively to protect estuaries. One 
problem ia that estuaries ~re ao 
•ariable the scientists, engineers• 
•nd planners have not worked toaether 
effectively on a national level to 
reach a aeneral consensus on how 
estuaries can be manaaed and pro­
tected. There baa been some success 
at regional and state levels. An ac­
tion program to protect estuaries ia 
needed because of the extremely high 
productivity of estuaries and because 
they are vital to coastal and o~ean 
ecosystems and to the Nation as a 
whole. Although such mandates as the 
Coastal Zone Management Act, National 
Environmental Policy Act, Clean Air 
Act and the Estuary Protection Act 
strive to protect estuaries, there is 
a lack of a clear mandate to protect 
them systematically and effectively~ 
Accordingly, four general recommenda­
tions were developed at the sympo­
sium: 

1. Estuaries are complex eco­
systems that can be managed fgr com­
mon purposes. Some types of vater 
use in estuaries will aerve special 
purposes, but compromises can be 
worked out. Han-caused changes in 
freshwater inflow or other aorpholo­
gical or hydrological changes in 
estuaries aust be evaluated as to how 
the changes will affect the structure 
and processes in estuarine ecosys­
tems. 

2. There should be a nationwide 
mandate to recognize estuaries as re­
sources of extremely high •alue and· 
worthy of protection. 

. . 

3. lacb eatuarr must •e treat­
ed •• a ult resource and muat •ave 
lta own aanasement plan. Ve aeed, 
however, a conservation . ebjectivr. 
that can be applied to estuaries ln 
aeneral and tbat can ·H Yisualized •1 the political aector, tbe public, 
fisheraen, en1ineera, planners, and 
acientiata. Ve propose that optiaal 
aalinity rest.es ahould be esub­
lishec! ~s conservation objectives for 
each ·estuary with optional aediment 
and h7drolo1ical regimes aa related 
objectives. These reaimes aball rec­
ognize seasonal, annual, and histori­
cal variation. Jf these objectives 
are properly established and iaple­
aented, they will protect estuary 
ecosystem functions and processes. 
These conservation objectives shall 
serve as targets for planning and 
management in estuaries. 

4. Finally, we should pursue. 
these recommendations with govern­
mental agencies, Congress, and else­
where to bring the protection of 

.es.tuapes as a national ·issue to be 
considered in all water development 
and management programs. . . 

.CONCLUSIONS 

The symposium brought together 
people from a •ariety of disciplines 
and special interests to deal vith 
the problem of tying together inland 
river aanagement and land use plan­
ning for the protection o{ estuaries. 
It reviewed the progress that is be­
ing aade to bring freshwater inflo11 
to estuaries into vat.er planning. It 
identified weaknesses in our data 
base that. must be filled before ·de­
taiied estuarine protection progra~ 
can be developed. It identified ex· 
istin& . Federal and state legal an<· 
regulatory •andates that can be use< 
to bring freshwater inflow into plan· 
Ding. 
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The 4lversltJ in estuarine eco­
ay1tem1 bas prevented an effective 
nationwide proar•• to establish cri­
teria and objectives for estuarine 
protection. Also, the responsibility 
for environmental management and 
plannina in estuaries ia dispersed 
among aany federal and atate a1encie1 
and local aovernmental unit.a. Coastal 
zone aanagement programs have not. 
been aenerally. effective iD protect­
ing estuaries. ·. 

The recommendations emphasized 

the aeed for a aationvlde approach to 
develop criteria for the ••lanced 
uses of estuaries which would serve 
to preserYe and enhance their 
enviroamental •alues. the responsi­
billt7 for protectins estuarine 
ecosystems needs to be defined aore 
clearly at. the federal level ao that 
all upstream projects affectiD& vat.er 
aupplJ aust •e evaluated relative t.o 
their effects on estuaries. finally, 
effort.a aust •e aade to protect 
estuarine ecosystems as a nationwide 
policy. 

.... 

. . 
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Ansel Adams 180 Montgomery Street, Suite 1400 San Francisco, CA 94104-4209 (415) 627-6700 FAX (415) 627-6740 

Tom Hagler 
Off ice of Regional Counsel 
EPA Region IX 
75 Hawthorne Street 
San Francisco, CA 94105 

Dear Tom: 

10.106.01 
September 26, 1994 

Enclosed please find a disk with our March 11, 
1994 comments on EPA's proposed water quality standards 
for the San Francisco Bay-Delta, saved in three 
different formats: 

{l) SCLDF.CMT: 
file, formatted 
printer. 

(2) SCLDF.ASC: 

This is our original WordPerfect 5.1 
for a Hewlett Packard LaserJet IIID 

This is ASCII text, or plain DOS text. 

(3) SCLDF.GEN: This is a "generic" WordPerfect file. 
If you use WordPerfect or something that can read 
WordPerfect files, then using this generic file should 
save you from the garbles of switching from one printer 
format to another within WordPerfect. 

I hope one of these formats will be easily useful 
to you. Please let me know if I can help further. 

; incerely /} J / r 

·y p~J{,t~-
Perry de Valpine 
Research Assistant 

@ Printed on 10o% recycled unbleached paper. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION IX 

75 Hawthorne Street 

San Frcmcisco, CA 94105-3901 

SEP 2 8 1994J 

James H. Lecky 
Director, Protected Species Management Division 
501 w. Ocean Blvd., suite 4200 
Long Beach, California 90802 

Request for Technical Assistance on Spring-run Chinook Salmon 

Dear Mr. Lecky: 

As you know, the Environmental Pr9tection Agency (EPA), the 
U.S. Fish and Wildlife Service (USFWS} and the National Marine 
Fisheries Service (NMFS} are presently engaged in formal 
consultations under section 7(a} (2} of the Endangered Species Act 
(ESA} on the potential impact of the EPA's water quality standards 
promulgation on threatened and endangered species in the San 
Francisco Bay/Delta. NMFS primary concern in those consultations 
are potential adverse impacts on the listed endangered winter-run 
chinook salmon. 

We understand that NMFS, in its Federal Register notice dated 
September 12, 1994 (59 FR 46808} ., initiated a status review on a 
number of Pacific salmon and anadromous trout, including the 
spring-run chinook salmon found in the Bay/Delta and Sacramento/San 
Joaquin River watershed. This status review, which is not 
scheduled to be completed until December 15, 1995, will determine 
whether NMFS will propose the spring-run for listing under the ESA. 

The spring-run chinook salmon is presently neither a listed 
species nor a formally proposed species under the ESA. For that 
reason, EPA does not have any obligations under section 7(a} (2} to 
request a consul tat ion or conference on how EPA' s actions may 
affect the spring-run. Nevertheless, given the attempt of the 
Federal agencies to identify potential problems in the estuary, we 
are asking NMFS to provide us with its present thoughts on the 
measures necessary to protect the spring-run chinook salmon. · we 
are especially interested in any measures that would have impacts 
on the water supply uses of the estuary or on the implementation of 
EPA's water quality standards. In addition, we would be interested 
in your thoughts on the recommendations for the spring-run recently 
submitted by Natural Heritage Institute and others to the 

Printed on Recycled Paper 



. . 

California State Water Resources Control Board. 

We explicitly recognize that your findings at this time are 
necessarily preliminary, .. ~md that further investigatio'rt during your 
status review may lead to additional protective measures. our 
intent at this time is to assure that our actions and related 
actions by regulatory agencies in the Bay/Delta are consistent with 
what we presently know about the spring-run chinook salmon. 

If you have any questions about our request, please contact 
Patrick Wright, Chief, Bay/Delta Section, (415) 744-1993, as soon 
as possible. 

cc: Cay Goude, USFWS 

Sincerely, 

~eraydarian 
Director 
Wat"er Management Di vision 

, . , 

• 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION IX 

75 Hawthorne Street 

San Francisco, CA 94105-3901 

Matthew D. Vandenberq 
Ecological Services 
Sacramento Field Off ice 

tSEP 2 B T994 

U.S. Fish and Wildlife Service 
2800 Cottage Way 
Sacramento, California 95825 

ESA Consultations on Final Water Quality Standards 

Dear Matt: 

As we discussed on the telephone, I am enclosing a revised 
statement of the Fish Spawning criteria to be included in EPA's 
final promulqation of water quality standards in the Bay/Delta. 

The only revision we are making to the Fish Spawning criteria 
is to eliminate references to water year categories. Instead, we 
are simply dividing the compliance requirements into two 
categories: those years with a San Joaquin Valley Index either 
above or below 2 ~ 5 MAF. This index level corresponds to the 
dividing line between dry and below .normal years. 

If you have any further questions about this, please call me 
at (415) 744-1375. 

Very truly y~~·J'. = :F~~;:r--
Assistant Regional 

Counsel 

Printed on Recycled Paper 



Draft 09/27/94 

(b) Revi•ed Criteria. Tb• tollovi119 criteria are applicable to 

•tate water• •pacified in Table 1-1, at section (C)(3) (•striped 

Bass - Salinity: 3 • . Priaonera Point - Spawning) of the Water 

Quality Control Plan for Salinity for the San l"ranci•co Bay -

Sacramento/San Joaquin Delta Eatuary, adopted by the Celifornia 

State Water Resources Control Board in State Board Resolution Ho. 

91-34 on May 1, 1991: 

LOCATION SAMPLING PAllAMETEll DBSCRJPTION IND&X IAN DATU YALU 
SITE NOi (I- TYPE JOAQUIN u 
A/BJO.) VALL&Y 

IND&X 

Bua Joaquin DU/R.SANOll, IUecbical 1'-d&7 rwmlnc Not >I.I MA.I' April 1 0.'4 
Jli'Ylll' a& C4/UANOS2, ConducUvi*7 avvapollDMD AppUca toli&q 
1_, D29/R.SANOSI, (BC} dailJ forU.. w. 11 
Point, Pl/R.SANOH, period DO& more ... -/UAN062, tbaa ... .au. 
ADc:lreM Ct/R.IAN07S, ebowla,ia 
L&Ddiac. Cf/UAN0.7, --Pri9oDen C10/UAN112 .. ,, 
Buckley 
CoYe, 
llouih uad 
Ready 
llluad, 
Bnnc:I* 
Bridp, 
MOlldale, 
and 
Venaalia 

San Joaquin D15/RSAN018, Eledrical 1'-day l'UDDiDc No& SUMA!' April I 0.'4 
River a& C4/RSANOS2, ConducUvity avvapolmeaa Applica toli&q 
J_,- D29/RSANOSI (BC) dally for UM w. 11 
Pain&, period DO& more 
Bua *hua 'Ylllue 
AndNu Ibo-, in . 
Landlq mmbOI 
uad 
Prilooen 
Pain* 

(c) Definitions. Terms used in subsections (a) and (b), above, 

shall be defined as follows: 
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Draft 09/27/94 

(1) water year. 

A water year i• t:he twelve calendar aont:ha bec)inniDCJ 

October 1. 

(2) 8-Rlver Index. 'l'he a-River Index shall be computed as 

the sum of flows at the followinq stations: 

1. Sacramento River at Band Bridqe, near Rad Bluff 

2. Feather River, total inflow to Oroville Reservoir 

3. Yuba River at Smartville 

4. American River, total inflow to Folsom Reservoir 

5. Stanislaus River, total inflow to New Melones Reservoir 

6. Tuolumne River, total inflow to Don Pedro Reservoir 

7. Merced River, total inflow to Exchequer Reservoir 

8. San Joaquin River, total inflow to Millerton Lake. 

The flow determinations are made and are published by the 

California Department of Water Resources in Bulletin 120. 

(3) San Joaquin Valley Index. 

(A) . The San Joaquin Valley Index is computed 

according to the following formula: 

IsJ - o.6X + o.2Y and o.2z 

where IsJ • San Joaquin Valley Index 
X • CUrrent year's April-July San Joaquin Valley 

unimpaired runoff 
Y • current year's october-March San Joaquin Valley 

unimpaired runoff 
z z Previous year's index in MAF, not to exceed 0.9 
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Draft 09/27/94 

Jill' 

(B) Measuring San Joaquin Yall•v unimpaired runoff. 

San Joaquin Valley uniJlpaired runoff for the current water year 

(from the preceding year's OCtober 1 to September 30 of the 

current calendar year) is a f oracaat of the IUll of the following 

locations: Stanislaus River, total flow to New Kalones 

Reservoir; TuolUJRDa River, total inflow to Don Padro Reservoir; 

Merced River, total flow to Exchequer Reservoir; San Joaquin 

River, total inflow to Millerton Lake. Preliminary 

determinations of year classification shall be made in February, 

March and April with final determination in Kay. These 

preliminary determinations shall be based on hydroloqic 

conditions to date plus forecast• of future runoff asswaing 

normal precipitation for the remainder of the water year. 
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